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Abstract: A novel ternary borate glass system was synthesized by utilizing standard melt quench approach. All of the 

samples went through an annealing process for 6 hours to remove retained thermal strains present in glass structure. XRD test 

revealed that the samples were indeed glassy. Density was determined at room temperature; oxygen packing density (OPD) 

and molar volumes were calculated. Both density and OPD changes followed recognizable patterns that complemented the 

Mixed Transition Effect (MTE). The electrical resistivity was measured by Keithley two probe instrument in range of 

temperatures 308-523K and conductivity was estimated. These glasses are unique among single TMI doped glasses systems in 

that they have exceptionally high conductivities in 10
-5

 to 10
-3

 (Ωm)
-1

 range, while still maintaining low activation energies. The 

conductivity data was analyzed through Motts small polaron hopping (SPH) model at higher temperature region T > θD/2 and 

remaining data was analyzed by employing the VRH models by Mott’s, Mott-Greave’s at lower temperature region T < θD/2. 

Respective polaron related parameters such as small polaron radii, the average distance between transition metal ions, TMI 

density, mobility etc. were estimated. The very first time, by using a MnO2-V2O5 dopant ternary borate glasses have been 

synthesized. Studies on high-and low temperature DC conductivity investigations have revealed the presence of a mixed 

transition effect (MTE). 

Keywords: Borate Glasses, TMI, Mott's SPH Model, Mixed Transition Effect (MTE), DC Conductivity 

 

1. Introduction 

Glasses are ever more fascinated due to their advantages 

over crystalline materials owing to their easy formability 

over a wide range of composition, nonappearance of grain 

boundaries, ease of production into complex shapes. The 

amorphous oxide glasses have protruding role to play in the 

field of electronics, computer memories, space research, 

nuclear shielding and medical field [1-4]. Since from last 

four to five decades electrical conductivity in oxide glass 

systems [5-7] such as borate, silicate, phosphate, vanadate, 

and tellurite glasses doped with transition metal ions for 

example Cu, Al, Zn, Fe, V, Co etc has been a great interest of 

study. Amongst all the various types of oxide glasses, the 

borate is a very important and well-known glass former 

owing to its low melting point, high transparency and high 

thermal stabilities. The structure of amorphous B2O3 is a 

planar BO3 triangles connected through BO-B connections. 

Addition of network modifiers to pure B2O3 glass might 

produce either in the change of triangular BO3 units into BO4 

tetrahedral or non-bridging oxygen atoms (NBOs). The 

network modifiers such as transition metal ions when added 

in appropriate amounts to amorphous B2O3 glass network, 

brings about semiconducting nature in glasses. Borate glasses 

doped with appropriate transition metals ion resulted in the 

application of rechargeable batteries, owing to the 

multivalent states of the transition metals ions. Amongst 

various transition metal oxides, the multivalent V2O5 is an 

important semiconductor and at many instances in glass 

matrix it plays the role of both as a glass former and also a 

network modifier [22–24]. 
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Another interesting TM oxide is Manganese dioxide, since 

it is a fairly common component in the field of batteries, in 

which contexts it has been employed as the positive electrode 

[25]. MnO2 is a strong oxidant, relatively inexpensive, and 

abundant, thus making it a top candidate for use as a positive 

electrode in lithium cells. Manganese dioxide is not only an 

essential integral component in lithium based rechargeable 

batteries [26] but also used in cobalt and zinc based 

rechargeable batteries as well, some groups of researchers 

have also confirmed that manganese-based batteries is being 

developed as an alternative to both cobalt and lithium 

rechargeable batteries owing to their toxicity and expensive 

maintenance [27]. Many investigations like NMR, EPR, 

FTIR & Raman studies on MnO2 doped borate glasses are 

available in the literature [28–31]. There are hardly few 

investigations on electrical conductivity and other polaron 

related properties of MnO2 and V2O5 doped borate glasses. 

Hence in our present study, we have prepared novel series 

of ternary borate glass system in the following composition 

range 	�������.
 - 	����
���.

�� -�2����2��	coded as BVM 

glass with � � 0.05, 0.1, 0.15, 0.2, 0.25, 0.3, for the first time 

deliberating the investigations on the mechanism of DC 

conductivity and presenting it in this research paper. 

2. Experimental Method 

On immediate availability basis, all AR grade chemical 

ingredients with �99% purity were purchased from different 

international chemical manufacturers such as boron oxide 

(B2O3) from otto, both vanadium oxide (V2O5) and Manganese 

(IV) oxide from Sigma-Aldrich. In accordance to the calculated 

weight proportion for each glass sample, individual chemicals 

were mixed in appropriate amount and transferred into an agate 

mortar. The mixtures manually grinded to obtain a fine powder 

under molecular dimensions. The mixture, then shifted into 

silicon crucibles procured from infusil brand scientific company. 

The crucible is placed into a high temperature electrical muffle 

furnace and was heated to a very high temperature of the order 

of 1253 K and left over for 2 hours. When the melted 

homogenized colorless mixture of the liquid was formed, then 

the liquid quickly poured into a fine stainless-steel mould kept at 

room temperature by suddenly closing another same stainless-

steel plate on to it. The random pieces of the glasses were 

collected. Following the same method, all the other glasses 

compositions with chosen mole fractions of x = 0.05, 0.1, 15, 

0.2, 0.25, 0.3, were synthesized. The glasses were annealed at 

523 K for about six hours to remove if any thermal strains 

present in the glass metrics. The samples were made fine 

dimensions by polishing using fine sand paper to a varying 

thickness and area. 

2.1. XRD 

Studies using X-ray diffraction were carried out on each 

and every one of the synthesized glasses. With XRD 

instrument specifications; Malvern Panalytical X-ray 

diffractometer X’PERT
3
 powder instrument operated at 40 

kV and current of 30mA with �� � �� � 1  wavelength-

1.54060  and �� � �! wavelength- 1.39225  with the ratio 

�� � 1 �0.5 at room temperature between 2θ ranging from 

5 to 80 degree. 

2.2. Density 

Density �"�, examinations on the glasses were performed at 

room temperature utilizing the Archimedes principle and a 

citizen made single pan digital balance accurate to 0.1 mg with 

toluene ("#$%&'(' � 	0.8669	g/CC) as the immersion liquid. 

2.3. Measurement of DC Conductivity 

The glass samples appropriately cut into fine dimensions 

were measured thickness ranging from 1.45 - 3.08 mm and 

areas 21	mm�  to 71	mm� . The dc electrical conductivity 

measurement was carried by applying conductive silver paste 

on either side of the large surfaces then transferred them in a 

two probe Keithley made instrument .  The current flowing 

through glasses were enumerated by digital picometer with 

accuracy of 0.0001 pA by applying constant voltage across 

the glasses over a wide temperature, ranging from 303K to 

523K. Chromel-alumel thermocouples were used to gauge 

sample temperatures with 31K precision. A determination of 

conductivity was made using σ � 1 resistiity⁄ , here 

resistivity calculated by =>?@?A@B@AC � =. D E⁄  Here, R 

represents resistance, A represents cross sectional area, and r 

represents the glass samples' thickness. According to the 

relation, ∆G � H∆=>?@A@B@AC G�⁄ I  here error in Resistivity 

� H�∆� �⁄ � � �∆J J⁄ �I , approximated the error on 

conductivity, taking into consideration the inaccuracies on 

the observed voltages and currents. An inaccuracy of 5% is 

determined to encompass the anticipated conductivity errors. 

3. Results and Discussions 

3.1. X-ray Diffraction Studies 

 

Figure 1. X-ray diffraction spectra of BVM glasses. 

Spectra obtained by X-ray diffraction analysis of annealed 
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BVM glasses did not show any sharp peaks in the depicted 

figure 1, hence it was concluded that all the samples are non-

crystalline in nature [32–34]. 

3.2. Density and Molar Volume 

The density �"� , was determined using the formula, 

" � K L
L
LM

	N . "O , here W represents the glass's weight in air, 

WL represents the glass's weight in toluene, "O  represents 

toluene's density. The molar volume Vm for BVM glasses 

was calculated using �P � KQR 	N, here m is glass's Molecular 

weight. The determined density at room temperature �"� with 

calculated molar volume (�P) of BVM glasses were found to 

be in the range of 1.200 g/cm
3
 to 2.629 g/cm

3
 and 47.07 

cm
3
/mol to 104.14 cm

3
/mol respectively are enumerated in 

following Table 1. Following figure 2, shows the variations 

of density ", Vs Molar volume Mv and similar varying plot of 

molar volume with oxygen packing density against varying 

mole fraction of MnO2 content is depicted in figure 3. 

It is clear from both figure 2 and figure 3 that first density and 

OPD (oxygen packing density) decreased slightly at 0.10 mole 

fraction with increase of MnO2 concentration, but then 

afterwards density and OPD increasing continuously [35] and 

attained highest value at 0.25 mole fraction of MnO2 content in 

glass matrix, thus hinting in the increased compactness with 

more number of oxygen containing structures (from figure 2) in 

the glass network [36–38] from BVM1 to BVM5, then onwards 

for BVM6 glass network gets slightly relaxed due to sudden 

diminished oxygen packing and density at 0.30 mole fraction of 

MnO2 content in the glass matrix. Hence, the 0.25 mole fraction 

of MnO2 is the point of mixed transition effect. But, the molar 

volume Mv in figure 2 and figure 3 has behaved exactly in 

opposite manner to the variations of density and OPD, reaching 

minimum at 0.25 mole fraction of MnO2 and hitting highest 

value at 0.1 mol fraction of MnO2 concentration in the glass 

matrix [39–43]. The BVM glass matrix consist of Manganese 

(Mn) and Vanadium (V) transition metal ions (TMIs), thus the 

conductivity is due to both of these TMIs. The TMI density N of 

the corresponding TMI ions are computed by using the 

subsequent formula [44] and presented in table 1 S �
2 TUV.LW

Q XSY	Z , Here "  signifies density, [\  signifies weight 

mole fraction, m is the molecular Wt. of the respective TMI with 

SY being Avogadro number. Thus, concentration of manganese 

ions and vanadium ions are in the range of 0.536-5.581 ]^
� 

and 2.419-3.762 ]^
�  respectively. The small polaron radii 

E_H45I the average distance between transition metal ions which 

is denoted by R. [46] with oxygen packing density (OPD) 

individually all are computed and listed in table 1 [47]. 

 

Figure 2. Plot of Density and molar volume Vs Mole fraction of MnO2 

 

Figure 3. Plot of Molar volume and Oxygen packing density Vs Mole 

fraction of MnO2. 

Table 1. Physical Properties of BVM glasses. 

Glass 

Sample 

MnO2 a Mv OPD R bc N-2MnOd efge N-V2O5d efge N×1021 (N-2MnO+ N-V2O5) 

h g/cm3 cm3/mol Mol/L ij ij kj
l kj
l kj
l 

BVM1 0.05 1.262 99.31 56.11 1.045 0.422 0.536 3.762 4.298 

BVM2 0.1 1.200 104.14 35.53 0.844 0.340 1.019 3.179 4.197 

BVM3 0.15 1.371 90.83 74.93 0.705 0.284 1.746 3.179 4.925 

BVM4 0.2 1.571 79.04 37.55 0.612 0.247 2.667 3.121 5.789 

BVM5 0.25 2.629 47.07 33.14 0.479 0.193 5.581 4.354 9.935 

BVM6 0.3 1.827 67.53 39.48 0.509 0.205 4.653 2.419 7.072 

 

3.3. DC Conductivity Studies 

The measured DC conductivity of all BVM glasses with 

respect to temperature variations are fond to be in the range 

of 3.59 d 10

�Ω^�
n  to 2. .14 d 10
��Ω^�
n  [48] the 

figure 4 shows plot of conductivity �G� variation of all the 

BVM glasses with increase in temperature (T) the nature of 

the plots reveals that BVM glasses are semiconducting in 
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nature, for clarity single zoomed plot of BVM3 glass 

conductivity �G� Vs Temperature (T) has been shown inside 

the figure 4 [10]. In figure 4, higher temperature region of the 

conductivityo p qR 2⁄ ,,  here θD is the Debye temperature 

and T represents the temperature where conductivity starts to 

vary from Mott's SPH model, the plots exhibit linear 

variation of conductivity and this zone of the graph was 

examined using Mott's small polaron hopping model. [11, 21, 

46, 49] the graph of ln	�σT�  Vs �1/T�  were plotted for 

current BVM glasses and exhibited in figure 5. In high 

temperature region, the activation energy [ was determined 

via linear least square fits to the respective BVM glass 

conductivity data, [  values that ranged between 0.280- 

0.558 eV and same are having close agreement in literature 

[39, 41]. 

 

Figure 4. Plot of conductivity Vs Temperature of BVM glasses. 

 

Figure 5. Plot of ln (Go) Vs (1/T). Solid lines are LS fits to BVM glasses 

curves. 

In figure 6, both activation energy (W) and conductivity (G) 

data are displayed against alterations in the mole fraction of 

MnO2 content. It is evident from figure 6 that conductivity 

keeps rising until 0.25 mole fraction of MnO2 concentration, 

and this highest value of conductivity may be correlated with 

the high temperature zone of Figure 4 for the same BVM5 

glass sample. Again, this is seen in Figure 6, where the 

conductivity value drops down precipitously after the 0.25 

mole fraction of MnO2 is added. In contrast to conductivity, 

low values of activation energy, W acted almost oppositely. 

The same sort of behavior in activation energy and 

conductivities is reported for such a mixed TM ion doped 

borate glasses systems [11, 41, 47, 50]. 

 

Figure 6. Mole fraction variation of Activation energy and conductivity at 

508K. 

 

Figure 7. Mole fraction variation of Polaron radius and conductivity at 

508K. 

The exceptionally high conductivities and low activation 

energies of BVM glasses sets them apart from all other single 

TMI doped glasses systems documented in the literature due to 

the role of cation’s partial charge in glass formation oxides [51] 

and also possible contribution owing to V2O5, which provides 

glass-forming transition metal ions [52, 53] playing double 

role that is first they act as ionic cites for Polarons hopping 

conduction and second, they also take part in the conduction 

mechanism by diffuse of V
4+

 and V
5+

 ions into the glass matrix 

because manganese is not a glass former [11, 54, 55]. 

It is well accepted that elements like vanadium, manganese, 

and other transition metal ions (TMI) can exist in several 

valency states [49]. It is plausible that the higher conductivity 

value at 0.25 mole fraction of MnO2 content (from table 1) is 

related to higher charge carrier concentrations (N-2MnO+N-
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V2O5) owing to vanadium and manganese ions (mixed 

transition effect) (V
+4

, V
+5

, and Mn
+2

 and Mn
+3

) in 

comparison to the other compositions in our existing BVM 

glass systems, Notably, with change in composition; as 

manganese ion concentration increases, proportionately 

vanadium ion concentration decreases till both attains 

maximum value at 0.25 mole fraction and thus creating more 

number of TMIs available for hopping between two 

dissimilar ions Mn
+2

 to V
+4

, Mn
+3

 to V
+5 

but conductivity 

declines sharply with increasing MnO2 concentration, at the 

expense of V2O5, above the 0.25% threshold, demonstrating 

a mixed transition effect (MTE) [11]. The variations in 

conductivity has been shown to have an inversely related 

relationship to the polaron radius, denoted by rp, as seen in 

Figure 7. DC conductivity studies in V2O5-MnO-TeO2 glass 

system, revealed decrease in conductivity values with respect 

to increase in TeO2 and MnO concentrations in glass matrix. 

In both systems, increasing disorder energy and declining 

conductivity were found [13, 50]. As conductivity diminishes, 

polaron radius, rp and mean distance, R between transition 

metal ions grow. But in another P2O5-V2O5-Fe2O3 glass 

system the decrease in conductivity was followed by increase 

in rp and R thus followed by increased configurational 

disorder in contrary to the decrease in conductivity [41]. In 

some other glass systems viz; Fe2O3-B2O3-V2O5 and B2O3-

V2O5-MoO3 it was observed that as the concentration of glass 

modifiers went up, the conductivity of these glass systems 

went up. This was followed by a negative correlation 

between changes in rp and R and a decrease in the system's 

disorder energy at higher conductivity values [47, 41]. But 

again, it was also be noted in these Fe2O3-MgO-TeO2, P2O5-

V2O5-MnO and CoO3-V2O5-B2O3, glass systems, while both 

rp and R grow as conductivity goes up [11, 45, 56] it's 

important to remember that rp decreases as conductivity goes 

up to very high values. With that discussed, Enhancement of 

conductivity depends not only on charge carrier 

concentrations, polaron radius but also on many other aspects, 

such as the redox ratio in the glass network, disorder energy, 

influence of the cations' partial charges on the glass-forming 

oxides, Anderson’s localization [57–60]. 

3.4. Small Polaron Hopping Parameters 

The WH and WD are the disorder and polaron hopping 

energies, respectively that can exist between the interstitial 

ionic sites in the glass matrix were likely to be dominated by 

the activation energy W at high temperatures, where nearest-

neighbor thermally induced hopping is the dominant hopping 

mechanism. [61] For systems allowing for robust electron 

phonon interactions, Austin and Mott recommended [62], 

[ �	[u 	v 	[R T > qR 2⁄  

≅	[R	T < qR 4⁄  

Here, [u � [_ 2⁄ � 	 x>� 4y_z {|E_
n � =
n}  is polaron 

hopping energy [46] and estimated to be in the range of 0.161 

eV to 0.243 eV [47], because of the energy disparity between 

two hopping sites disordered energy [R  is produced and is 

found in range of 0.226 eV to 0.450 eV, [_ 	is the polaron 

binding energy which is ranging from 0.321 eV to 0.487 eV 

is similar to [11], the effective dielectric constant, denoted by 

y_, varying between 35.297 to 66.023 was found to behave 

exactly the same way to that of conductivity over the Debye 

temperature range qR . The small polaron radius E_ �
�1/2��~ 6S⁄ �n �⁄  [13, 63] and various estimated small 

polaron parameters are listed in the Table 2. Understanding 

of polaron bandwidth, ���u  encompasses the knowledge of 

the overlap of wavefunction of adjacent sites for adiabatic 

and non-adiabatic regimes in Small polaron hopping model, 

���u 	p 	 U��#L�
� X

n �z . U���� X
n �z

 for adiabatic SPH 

���u �	U��#L�
� X

n �z . U���� X
n �z

 for non-adiabatic SPH 

The polaron bandwidth ���u  can also be calculated form 

the equation � � �$exp	��2�=� best matches with [64] here 

�$ � [u 4⁄  the calculated values are shown in table 3, further, 

the value � � 20�^
n  is in accordance with literature of 

TMI doped glasses [13, 65]. Its evident form the table 3 data 

of polaron bandwidth that ��� satisfies the non-adiabatic SPH 

condition and also Holstein condition for small polaron 

hopping [66]. The small polaron coupling constant ��  is 

important in knowing the electron-phonon interaction and is 

computed by relation �� � 2W� ��$⁄  and is presented in the 

table 3 from same data its clearly obvious that, the small 

polaron coupling constant ��  value is stronger at 0.25 mole 

fraction of MnO2 at which conductivity in table 2 is 

possessing higher value. Consequently, conductivity and the 

small polaron coupling constant demonstrate a clear direct 

link with one another in BVM glasses. 

 

Figure 8. Plot of ��� �  and ���S�  Vs Mole fraction of MnO2 in BVM 

glasses. 

The carrier mobility � in the adiabatic and non-adiabatic 

region is due to diffusion of electron by small polaron 

hopping [46, 62] the carrier mobility �  for present BVM 

glasses were calculated at temperature of 508 K and is 

varying in the range of 8.796 d 10
�	^�/�?  to 2.453 d
10
�^�/�?. The charge carrier density S�  is estimated form 

a relation S� � G >�⁄  is exist between 3.033 d 10��  and 

5.124d 10��. eV
-1

m
-3

 both � and S�  are exhibited in table 4 
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and variances in both values as a function of the logarithm 

are plotted in figure 8. It's conceivable to discern that both 

log � and logS�  variants behave in the exact opposite way, 

mobility is maxima at 0.05 where the charge carrier 

concentration is minimum that is vanadium ion charge 

concentration is dominated by manganese ions concentration 

of these charges grows with respect to the addition of MnO2 

content till 0.25 mole fraction of MnO2 in the glass matrix at 

which both vanadium and manganese ions concentration 

attains maximum value but after 0.25 mol, manganese ion 

charge concentration is dominated by vanadium ions at 

which mobility is reduced to a bare minimum and this may 

be due to localization of charges raking place around 

manganese ions and thus hinting the mixed transition effect 

at 0.25 mole fraction of MnO2. Such similar variations for � 

and S�  has been identified by M. S. Al-Assiri et al [67]. 

Table 2. Polaron hopping parameters of BVM glasses. 

Glass Sample 
Mole fraction of MnO2 W � at 508K WH WP WD �c �� 

x eV (�j)
e eV eV eV  K 

BVM1 0.05 0.304 1.192 × 10
� 0.182 0.363 0.245 35.297 463 

BVM2 0.1 0.269 3.231 × 10
� 0.161 0.321 0.217 49.426 468 

BVM3 0.15 0.288 3.828 × 10
� 0.172 0.344 0.232 55.186 443 

BVM4 0.2 0.280 1.411 × 10
� 0.167 0.334 0.226 65.448 358 

BVM5 0.25 0.355 1.701 × 10
� 0.212 0.424 0.286 66.023 353 

BVM6 0.3 0.408 6.680 × 10
� 0.243 0.487 0.329 54.130 478 

Table 3. Polaron band width and other parameter of BVM glasses. 

Glass Sample 
Mole fraction of MnO2 J SPH Jo Jwh �� × efeg N(EF)  ¡ 

x (eV) (eV) (eV) Hz eV-1m-3  

BVM1 0.05 0.0175 0.045 0.060 4.821 1.220× 10�� 18.202 

BVM2 0.1 0.0171 0.040 0.054 4.874 2.622× 10�� 15.931 

BVM3 0.15 0.0167 0.043 0.057 4.613 4.194× 10�� 18.040 

BVM4 0.2 0.0141 0.042 0.056 3.728 6.597× 10�� 21.677 

BVM5 0.25 0.0148 0.053 0.071 3.676 1.089× 10�¢ 27.873 

BVM6 0.3 0.0192 0.061 0.081 4.978 7.906× 10�� 23.629 

Table 4. Mobility and charge carrier concentration of BVM glasses. 

Glass Sample 
Mole fraction of MnO2 £ ¤¥ 

x jg/¦§ eV-1m-3 

BVM1 0.05 2.453 × 10
� 3.033× 10�� 

BVM2 0.1 2.507 × 10
� 8.044× 10�� 

BVM3 0.15 1.300 × 10
� 1.838× 10�n 

BVM4 0.2 8.796 × 10
� 1.001× 10�� 

BVM5 0.25 2.072 × 10
�l 5.124× 10�� 

BVM6 0.3 1.641 × 10
� 2.541× 10�� 

 

3.5. Variable Range Hopping Conduction 

As the non-linear conductivity range cannot be explained 

by Mott's Small Polaron Hopping model due to the distinct 

nature of the process responsible for conduction in the non-

linear range, where the system's entropy dominates the 

polaron binding energy that Mott described in terms of a 

single phonon prediction. The following Motts relationship 

can be used to interpret the observed nonlinearities in 

conductivity measurements below the Debye temperature [6, 

46, 49]. 

G = �	>¨Y #©ª «⁄⁄ ¬ 

Here, D = 4H2��/9~­S®P¯uI
ª
« 

� = H>�/2(8~)
ª
°I��	HS®P¯u/�­oI

ª
° 

Here, S®P¯u  is the density of states at the fermi-level, � is a 

localised state’s wave function decay, and �$ = ­qR ℎ⁄  is the 

optical phonon frequency calculated form the Debye 

temperature qR , with h and k being Planck’s constant, 

Boltzmann’s constant respectively. The slopes of the graph of 

ln G Vs o
n �⁄  as shown in figure 9 can be used to determine 

the values of A and B. The density of states, S®P¯u , was 

derived from figure 9 and calculated values lies between 

2.06× 10
�¢eV
-1

m
-3 

and 1.72 × 10
��  eV
-1

m
-3

, as shown in 

table 5, the order of the values obtained are in close agreement 

with other such glass systems [53, 68, 69]. It is obvious from 

the density of states data that, S®P¯u  rises from 0.05 to 0.15 

mole fraction of MnO2, then decreases and climbs again at 

0.25 mole fraction, and then decreases abruptly at 0.3 mole 

fraction of MnO2 content. With the exception of 0.15 mole, 

fluctuation of density of states, S®P¯u  from 0.05 mole to 0.25 

mole percentage of MnO2 content confirmed a comparable 

tendency to that of mixed transition effect (MTE) of 

conductivity even at low temperature regime of non-linear 

conductivity hinting us that even at low temperature region 

BVM glasses obeying mixed conduction effect. 
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Table 5. Density of states, S  extracted from MVRH and GVRH of BVM 

glasses. 

Glass Sample 
MnO2 �¤�±¦²³ �¤�´¦²³ 

x eV-1m-3 eV-1m-3 

BVM1 0.05 3.89 d 10�¢ 1.04 d 10�� 
BVM2 0.1 2.62 d 10�µ 1.08 d 10�� 
BVM3 0.15 1.72 d 10�� 1.17 d 10�� 
BVM4 0.2 4.65 d 10�¢ 1.01 d 10�� 
BVM5 0.25 2.44 d 10�µ 1.34 d 10�� 
BVM6 0.3 2.06 d 10�¢ 7.92 d 10�� 

 

Figure 9. Plot of �� G Vs o
n/�  for below Debye temperature data. Solid 

liens are LS fits to curves of BVM glasses. 

 

Figure 10. Plot of �� Gon/�  Vs o
n/�  for below Debye temperature data. 

Solid liens are LS fits to curves of BVM glasses. 

Variable range hopping (VRH) has been analyzed in the 

light of Greave's VRH model, which assumes an equivalent 

low temperature range, and is given by. 

Gon �⁄ � D>¨
¶ #ª «⁄⁄ ¬ 
Here A, B are constants and are determined from the least 

square linear lines fit to data in the plot of ln Go
n �⁄  Vs 

o
n/� is shown in figure 10. 

The density of states S·P¯u  was measured from the 

theoretical expression for constant B and given by � �

2.1	H��/­¶S�¸¹�I
ª
« 

According to the numerous determined values using 

Greave's VRH model for alkali and TMI doped oxide glasses 

[10, 11, 39, 67], the �S�·P¯u  varies from, 10��- 10�� eV
-1

m
-

3
, making it evident that the values determined are very much 

higher and differ from the values comprising oxide glasses. 

Thus, it is now evident that Mott's VRH model is appropriate 

for explaining the variable range hopping in glasses in the 

low temperature zone. 

4. Conclusions 

Novel semiconducting ternary borate glass system has 

been synthesized and their non-crystallinity property has 

been confirmed form X-ray diffraction. The estimated 

density at room temperature and oxygen packing density 

exhibited the similar nature of variations, particularly the 

variation at 0.25 mole fractions of MnO2 in the glass matrix 

in both is hinting the mixed transition effect. Measuring the 

BVM glasses' DC conductivity at temperatures spanning 

from 303-523 K. The conductivity value kept on increasing 

with respect to growing content of MnO2 in glass matrix up 

to 0.25 mole, there after it went down drastically, with 

growing MnO2 content in the glass matrix, such opposite 

and nonlinear kind of variations has been seen with 

activation energy and polaron radius. The rise in 

conductivity value at high temperature region may be due to 

the increased number of charge carriers available to 

hopping and decrease in polaron radius and mean spacing 

between the TMIs decreases the disorder energy of the 

system but after 0.25 mol of MnO2 content in the glass 

matrix increases disorder energy which triggers the 

localization of charges around manganese ion thereby 

hindering the hopping process hence the MnO2 content at 

0.25 mole fraction in the glass matrix. The high temperature 

conductivity region was analyzed in accordance with Mott’s 

small polaron hopping model and from the same numerous 

physical and hopping parameters were estimated it is 

observed that with increase of MnO2 content in glass matrix 

the polaron hopping energy WH, polaron binding energy WP, 

increased linearly favoring the SPH, but the density ", OPD, 

Debye temperature qR , electron-phonon coupling constant 

��  varied exactly similar with respect to the variations in 

conductivity. The conductivity of BVM glasses at 

temperature below 
º»
�  was analyzed with available both 

Mott’s and Mott’s and Greaves variable range hopping 

models, and discovered that our BVM glasses are obeying 

only Mott’s variable range hopping. Thus, indicating all of 

the above parameters are affirms that the anomaly effect in 

glass science the mixed transition effect can taking place in 

the present series of glass systems. 

Practical Relevance; Our glass systems' base materials 

were thoughtfully hand-picked with solid-state battery 

applications in mind, as their abundance and low cost make 

them an ideal choice for this purpose. Our prepared glasses 

are excellent semiconducting materials for battery 

applications, with conductivities in 10
-5

 to 10
-3

 �Ω^�
n range. 

Due to its high conductivity, in particular for glass with 
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composition � � 0.25, can be utilized to build electrodes in 

solid state batteries. Composition glass systems, which have 

a higher dielectric constant than increased conductivity, are 

used as dielectric materials [25] in capacitor manufacturing. 
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